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Background & objectives: The osteoporotic risk for women increases soon after menopause. Bone
turnover markers are known to be associated with bone loss and fracture risk. This study was aimed
to assess bone turnover using bone markers and their correlation with bone mineral density (BMD) in
pre- and post-menopausal women.

Methods: A total of 255 healthy women (160 pre- and 95 post-menopausal) were enrolled. Serum bone
alkaline phosphatase (sSBAP) and serum N-terminal telopeptide of type I collagen (NTX) were measured
to evaluate the bone formation and resorption, respectively. Bone mineral density was determined at
lumbar spine (L2-L4) anteroposteriorly, femoral neck and Ward’s triangle using Prodigy dual-energy
X-ray absorptiometry (DXA) system. The comparison of years since menopause with respect to BMD
and bone markers was also evaluated.

Results: NTX and sBAP showed significant negative correlation with BMD of femur neck and Ward’s
triangle in postmenopausal women. BMD of all three sides were significant variables for NTX and BMD
of femur neck and Ward’s triangle for sBAP in postmenopausal women. BMD lumbar spine was a
significant variable for sSBAP in premenopausal women. The mean values of NTX increased significantly
with increase in the duration of years since menopause. The BMD of all three sides decreased significantly
with increase in the duration of years since menopause.

Interpretation & conclusions: Serum NTX and sBAP were inversely correlated to BMD of femur neck and
Ward’s triangle in post-menopausal women. Simultaneous measurements of NTX and BMD in the north
Indian women, suggest that bone resorption in women with low BMD remains high after menopause.

Key words Bone mineral density (BMD) - bone turnover - postmenopause - premenopause - serum bone alkaline phosphatase (sBAP) -
serum N-terminal telopeptide of type I collagen (NTX)
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The level of bone mass can be assessed by
measuring bone mineral density (BMD) using dual
X-ray absorptiometry (DXA). This measurement
does not capture all risk factors for fracture. Bone
fragility depends on the morphology, the architecture
and remodelling of bone as well as properties of the
bone matrix that cannot be readily assessed. It has
been suggested that bone strength may be indirectly
reflected by BMD, ultrasonic measurement of bone
and by measuring bone turnover markers. The use of
biochemical markers of bone turnover as indicators
of overall bone metabolism has been a potentially
valuable clinical method for screening, diagnosis,
and monitoring of osteoporosis'. Decreased bone
mass and architectural deterioration of bone tissue
are shown to be related to abnormalities of bone
turnover. Biochemical markers reflect small changes
in bone turnover of the entire skeleton in a shorter
time frame compared with absorptiometry method?,
and also capture bone properties independent of BMD
measurements®. The role of biochemical markers in
monitoring the effectiveness of anti-fracture drugs has
been reported’. It has been suggested that combined
biochemical markers and BMD screening might be a
useful predictor of future fractures than BMD alone’.

BMD greatly decreases and biochemical markers
of bone turnover markedly increase in postmenopausal
women. This is due to accelerated bone remodelling
as a consequence of estrogen withdrawal®. As a result,
the osteoporotic risk for women increases soon after
menopause. The rate of postmenopausal bone loss is not
similar in all women. In women with low bone mass,
bone turnover markers are independent predictors of
fracture risk’. The clinical value in the diagnosis of
osteoporosis as well as in defining osteoporosis risk
before bone fractures in postmenopausal women is not
completely defined®.

Serum bone specific alkaline phosphatase (sSBAP)
is one of the most specific markers of bone formation
and type I collagen cross-linked N-telopeptides (NTX)
is among the most specific markers of resorption’”.
Both markers have been reported to be associated with
bone loss and fracture risk'’. The aim of this study was
to assess bone turnover using bone markers and their
correlation with bone mineral density (BMD) in pre-
and post-menopausal women.

Material & Methods

This cross-sectional study was conducted in the
Department of Obstetrics and Gynaecology, Maulana

Azad Medical College, and the associated Lok Nayak
Hospital, New Delhi, India.

The study protocol was approved by the Institutional
Ethics Committee.

Sample size: The sample size was calculated by
considering the prevalence of osteoporosis to be 27 per
cent!! (varying 21.5 to 32.5%) with alpha 5 per cent. It
was found that a minimum of 247 women need to be
enrolled in the study. Therefore, a total of 255 women
were recruited for the study over a period of two years
(April 2006 to March 2008).

Study subjects: The subjects enrolled in this study were
healthy normal women who were relatives of patients
admitted in the obstetrical and gynaecological wards
of the hospital. A total of 255 healthy women (160
premenopausal and 95 postmenopausal women of 20-
69 yr of age) were included. This study population was
taken from the previous cross-sectional study'. Various
demographic characteristics including socio-economic
status and serum parameters in relationship to BMD
were evaluated. In addition, the daily dietary intake
of energy, protein, fat, and calcium and the amount of
physical activity were assessed. All these women, who
consecutively volunteered themselves and gave prior
written informed consent, were evaluated. A detailed
medical history and menstrual history including age at
menarche, the duration, cyclicity, and flow of menstrual
period were obtained. Postmenopausal women were
defined as those who had their last menstrual period
at least a year ago, in accordance with the clinical
definition of the World Health Organization (WHO)".

Women with history of current or past chronic
medical diseases such as hyperparathyroidism,
collagen diseases, Cushing’s disease, chronic renal,
gastrointestinal, or lung disease, or ovarian tumour
were excluded. The women were also screened to
exclude diseases of the kidney, liver, parathyroid,

thyroid, diabetes mellitus, hyperprolectinemia,
oophorectomy, rheumatoid arthritis, ankylosing
spondylitis, malabsorption syndromes, malignant

tumours, haematologic diseases, previous pathological
fractures and traumatic fractures within one year.
Women were also excluded if they had prior treatment
or were receiving medications known to interfere
with calcium metabolism such as anticonvulsants,
corticosteroids, thiazides, thyroxine, heparin, oral
contraceptive pills, calcium, or vitamin D. All subjects
were ambulatory, and none was pregnant or lactating or
had a history of fracture. None of the postmenopausal
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women had been treated with hormone replacement
therapy containing an estrogen or progesterone or
treated for osteoporosis.

Venous blood sample (10 ml) was collected between
0800 and 0900 after overnight fasting. Serum samples
were obtained by centrifugation and stored at -20°C for
analysis of biochemical parameters and bone markers.

Biochemical measurement: Levels of serum calcium,
phosphorus and albumin were estimated by semi
automatic analyzer (Minitecno; [.S.E. S.rl., Italy)
by using commercially available kits manufactured
by Sistemi Intelligenti Elettronici (Rome, Italy). The
reference range of serum calcium was 8.0-11.0 mg/
dl. The intra- and inter-assay coefficients of variation
were 1.2 and 4.0 per cent, respectively. The reference
range of serum phosphorus was 2.7- 4.5 mg/dl. The
intra- and inter-assay coefficients of variation were 1.6
and 2.8 per cent, respectively. The reference range of
serum albumin was 3.0-5.0 g/l, with intra- and inter-
assay coefficients of variations of 1.7 and 2.6 per cent,
respectively.

Markers of bone turnover: Serum bone-specific alkaline
phosphatase was measured by enzyme immunoassay
using the Metra BAP EIA kit (Quidel, San Diego, CA,
USA) as a marker of bone formation. The procedure
was performed according to the manufacturer’s
instructions. sBAP is expressed in U/l, where 1 Unit
represents 1| mmol of p-nitrophenyl phosphate (pNPP)
hydrolyzed per minute at 25°C in 2-amino-2-methyl-
1-propanol buffer. The reference range for BAP was
11.6-29.6 U/l in women aged 25-45 yr and 14.2-42.7
U/l in women more than 45 yr of age. The intra- and
inter-assay coefficients of variation were 5.2 and 5.0
per cent, respectively. Serum NTX was quantified by
enzyme linked immunosorbent assay (ELISA) using
OSTEOMARK NTX Serum (Wampole Laboratories,
Princeton, NJ, USA) as a marker of bone resorption,
according to the manufacturer’s instruction. NTX was
expressed in nanomoles bone collagen equivalents per
litre (nM BCE). The reference range for NTX was 7.7-
19.3 nM BCE. The intra- and inter-assay coefficients
of variation were 4.6 and 6.9 per cent, respectively.

Bone mineral density measurement. Bone mineral
density was determined at the lumbar spine (L2-L4)
anteroposteriorly and at the femoral neck and Ward’s
triangle by using the Prodigy dual-energy X-ray
absorptiometry (DXA) system (software version 8.50)
manufactured by GE Medical Systems LUNAR. The
calibration of the absorptiometer was checked daily.

The results of the measurements were expressed in
g/cm?. Subjects with lumbar osteophytes or deformities
were excluded. In this DXA system, NHANES/USA
population aged 20-40 yr was used for anterioposterior
(AP) spine, femur and Ward’s triangle reference BMD
and 68 per cent of repeat scans fell within 1SD ( +
0.010 g/cm? for AP spine L1-L4, and = 0.012 g/cm? for
total femur and Ward’s triangle). A single technician
measured the BMD of all the participants. The in
vivo precision was determined after two repeated
BMD measurements at different skeletal sites in 30
women using ISCD advance precision calculating
tool [International Society for Clinical Densitometry
(ISCD); www.iscd.org]. The Root Mean Square SD
(RMS SD) for the spine, femur and Ward’s triangle
regionswere 0.011,0.009 and 0.007 g/cm?, respectively.
The percentage coefficient of variation (% CV) for the
spine, femur and Ward’s triangle regions were 1.37,
1.01 and 0.98 per cent, respectively.

Statistical analysis: Data were statistically analyzed
using Statistical Package for Social Sciences (SPSS)
software for windows, version 15.0 (SPSS, Illinois,
USA). Student’s t test and Mann-Whitney test were
applied where required to compare between pre-
and postmenopausal cases of continuous data. The
correlation and regression analysis between NTX and
sBAP with other variables was done by converting the
values of NTX and sBAP into logarithmic formed.
Relationship between continuous data was found by
applying Pearson correlation method and the average
relationship by applying linear regression analysis
for sSBAP and NTX with respect to BMD of lumbar
spine, femur neck and Ward’s triangle. The years since
menopause (YSM) of postmenopausal women were
divided into three groups (<5, 5-15 and >15). The
comparison of years since menopause with respect
to BMD and bone markers was done by kruskal-
Wallis test and one way (ANOVA), followed by Post-
hoc comparison by Bonferroni method. P<0.05 was
considered as statistically significant. To investigate
the distribution of NTX and sBAP using logarithmic
values, the population was stratified into four categories
of BMD (lumbar spine, femur neck and Ward’s triangle)
corresponding to the quartiles of BMD lumbar spine,
femur neck and Ward’s triangle (Q1=25%, 02=50%
and 03=75%). Significant differences of NTX and
sBAP across the different categories of the quartiles of
the BMD lumbar spine, femur neck and Ward’s triangle
were observed through one way ANOVA test.



KUMAR et al: STUDY OF BIOCHEMICAL MARKERS & BONE MINERAL DENSITY

Results

The age at menarche for pre-menopausal women
(n=160) was 14.9 £ 1.2 yr and 15.2 £ 1.2 yr for
postmenopausal women (n=95). The age at menopause
was 46.1 + 4.5 yr for postmenopausal women.

Age related changes and correlation with serum sBAP
and NTX: The study population was divided into five
decades according to age. The mean levels (£SD) of
serum sBAP (U/l) and NTX (nM BCE) were 53.84
+ 33.46 and 24.31 + 14.14 in the age range of 20-
29 yr, 57.96 + 36.21 and 23.05 + 13.45 in 30-39 yr,
39.38 &+ 33.27 and 12.63 + 12.61 in 40-49 yr, 31.06
+ 28.53 and 18.12 £ 15.23 in 50-59 yr, and 35.12 +
39.15 and 27.51 + 15.37 in 60-69 yr. The mean level
of sSBAP was highest in the age group of 30-39 yr and
that NTX in the age group of 60-69 yr (Fig.). Age
had negative and significant correlation with sBAP,
marker of bone formation (=-0.230; P=0.0001) and
negative but non-significant correlation with NTX,
marker of bone resorption (r=-0.045; P=0.474). BMI
showed positive correlation with sBAP (» = 0.127; P=
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Fig. Levels of sSBAP and NTX with age group.
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Table I. N-telopeptide of type 1 collagen (NTX) and serum
bone-specific alkaline phosphatase (sBAP) at different sites
according to quartiles of BMD lumbar spine, femur neck and
Ward’s triangle
sBAP NTX
Quartiles Mean+ SD  Mean + SD
BMD lumbar  0.522-0.976 24.38+3.92 13.38+3.65
spine (¢/m%) 0976 1.081 33.27+2.16 11.83+3.42
1.081-1.252 28.18+3.44 11.59+3.75
1.252-1.590 32.69+4.06 14.60+3.48
P value 0.443 0.723
BMD femur 0.461-0.830 33.78+3.23 15.89+3.02
neck (g/m*)  (830-0.927 35.99+2.17 10.89+3.75
0.927-1.035 33.62+3.16 16.10+2.59
1.035-1.496 17.95+4.49 8.89+4.83
P value 0.003 0.016
BMD Ward’s  0.233-0.637 37.02+2.93 14.16£3.03
triangle (&/m%) 0 637.0.786 31.36+£2.76 13.57+3.43
0.786-0.915 44.17+221 16.16+£2.76
0915-1.691 14.15+4.71 834+491
P value <0.001 0.019

0.043) and negative correlation with NTX (» =-0.184;
P=0.0001).

NTX and sBAP according to the quartiles of BMD
of lumbar spine, femur neck and Ward’s triangle are
shown in Table I. The mean and SD of NTX and sBAP
in all quartiles varied significantly among categories
of BMD of femur neck (P=0.003 and P=0.016,
respectively). The mean and SD of NTX and sBAP
in all quartiles varied significantly among categories
of BMD of Ward’s triangle (P<0.001 and P= 0.019)
(Table I).

Relationship between serum levels of sSBAP and NTX
and BMD: In the study population, sSBAP had negative
correlation with BMD of femur neck and Ward’s
triangle (»=-0.141; P =0.024 and »=-0.207; P =0.001,
respectively) and positive correlation with BMD of
lumbar spine (r = 0.148; P = 0.018). NTX showed
negative correlation with BMD of lumbar spine,
femur neck and Ward’s triangle but was not significant
(r=-0.018; P=0.771,r=-0.095; P=0.129, »=-0.080;
P =0.205, respectively).

Pre- and postmenopausal groups: In premenopausal
women, significant increase in the level of SBAP was
observed when compared with postmenopausal women
(P<0.001) (Table II). The marker of bone resorption
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Table II. Characteristics of the pre- and post menopausal
women

Characteristic Pre- Post- P value
menopausal ~ menopausal
(n=160) (n=95)
Mean + SD Mean = SD
(range) (range)

Age (yr) 325+72 539+74 <0.001
(20 - 50) (40 - 69)

Height (cm) 153.6 £5.1 153.0+4.7 0.33
(141 - 167) (140 - 168)

Weight (kg) 57.4+12.8 572+109 0.89
(35-120) (35-87)

BMI (kg/m?) 243+49 243+4.5 0.99
(16 - 46) (15-38)

Parity 2.1+1.5 3.8+1.9 <0.001
0-7) (0-11)

Serum calcium 83+1.2 85+14 0.19

(mg/dl) (5.6 -10.8) (5.4-10.9)

Serum 39+0.7 4.0+0.9 0.32

phosphorus (3-6.2) (2.5-6.8)

(mg/dl)

Serum albumin 42+0.7 41+0.7 0.27

(mg/dl) (2.4-55) (2.9-5.5)

Serum bone 53.7+£32.7 3254353 <0.001

specific alkaline (0.5 - 192) (0.5-183)

phosphatase

(sBAP) (U/)

N telopeptide of  21.5 + 14.0 19.6+ 158 0.17

type 1 collagen (0.5-55) (0.5 - 55)

(NTx) (nM BCE)

BMI, body mass index; BCE, bone collagen equivalent
Reference range: Serum calcium: 8.5-10.5 mg/dl, serum
phosphorus: 2.7-4.5 mg/dl, serum albumin: 3.5-5.2 mg/dl,
NTx: 7.7-19.3 nM BCE, sBAP: 11.6-29.6 U/l (25-45 yr) and
14.2-42.7 U/l (>45 yr)

Mann-Whitney test applied to compare the level of NTX
and sBAP between the groups and Student’s t test for others
variables

(NTX) showed significant negative correlation with
age (r = -0.198; P = 0.012) and positive correlation
with serum albumin (r=0.163; P=0.039). sBAP had
negative correlation with BMD of Ward’s triangle (
= -0.232; P=0.003) (Table III). On linear regression
analysis, the variations in bone markers (sBAP and
NTX level) in relation to the BMD (lumbar spine,
femur neck, Ward’s triangle) are shown in Table IV.
Beta values denote change in bone markers in relation
to the per unit change in BMD. BMD Ward’s triangle

showed negative linear relationship with sBAP and
non linear relationship with NTX. BMD lumbar spine
and femur neck had non linear relationship with sBAP
and NTX (Table IV).

In postmenopausal women, the marker of bone
resorption (NTX) showed positive correlation
with age (1=0.417; P<0.001). NTX also showed
significant positive correlation with serum albumin
(r=0.437; P<0.001) and negative correlation with
serum calcium (r=-0.049; P=0.634) and phosphorus
(r=-0.274; P<0.001). Both the bone markers i.e. SBAP
and NTX showed negative correlation with BMD
of lumbar spine, femur neck and Ward’s triangle.
NTX had negative significant correlation with BMD
of lumbar spine, femur neck and Ward’s triangle
(r = -0.234; P = 0.023, r = -0.335; P = 0.001 and
r = -0.308; P= 0.002, respectively) and sBAP had
negative significant correlation with BMD of femur
neck and Ward’s triangle (» =-0.301; P=0.003 and r =
-0.374; P =<0.001, respectively) (Table III). On linear
regression analysis, BMD femur neck and Ward’s
triangle has negative linear relationship with sSBAP and
NTX. BMD lumbar spine has no linear relationship
with sBAP and negative linear relationship with NTX
(Table 1V).

When the postmenopausal women were divided
into three subgroups according to the years since
menopause (YSM), the variation was observed in both
bone markers and BMD. The NTX showed a significant
different values with different YSM (P=0.009). A
significant increase in NTX levels was observed in
women with more than 15 YSM compared to women
within 5 YSM and women with 5 to 15 YSM (P=0.007
and 0.047, respectively), whereas, SBAP did not show
a significant difference with YSM (P=0.574).

The level of sSBAP shows no significant difference
in women with >5 YSM compared to women within
5 YSM and women with 5 to 15 YSM (P=1.000 and
P=0.894, respectively). DMD of lumbar spine, femur
neck and Ward’s triangle showed significant different
values with YSM (P<0.001). BMD of lumbar spine
was significantly decreased in women with more
than 15 YSM compared to women within 5 YSM and
women with 5 to 15 YSM (P= 0.001 and P = 0.002,
respectively). BMD of femur neck was significantly
decreased in women with more than 15 YSM compared
to women within 5 to 15 YSM (P= 0.000 and P= 0.002,
respectively). BMD of Ward’s triangle was significantly
decreased in women with more than 15 YSM compared
to women within 5 YSM and women with 5 and 5 to
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Table II1. Correlation of bone markers with characteristics in premenopausal and postmenopausal women

N telopeptide of type 1 collagen Serum bone specific alkaline phosphatase

(NTX) (sBAP)
Premenopause Postmenopause Premenopause Postmenopause
Age (yr) r -0.198" 0.417 -0.008 0.067
P 0.012 <0.001 0.918 0.531
BMI (kg/m?) r -0.125 -0.127 0.151 0.129
P 0.114 0.218 0.057 0.214
Serum albumin (mg/dl) r 0.163" 0.437" 0.074 0.055
P 0.039 <0.001 0.354 0.594
Serum calcium (mg/dl) r 0.003 -0.049 -0.068 -0.231"
P 0.969 0.634 0.391 0.024
Serum phosphorus (mg/dl) r -0.274 -0.129 0.023 0.152
P 0.000 0.215 0.769 0.142
BMD lumbar spine (g/m?) r 0.094 -0.234" 0.080 -0.183
P 0.235 0.023 0317 0.075
BMD femur neck r 0.096 -0.335" -0.154 -0.301"
(g/m?) P 0228 0.001 0.052 0.003
BMD Ward’s triangle (g/m?) r 0.084 -0.308" -0.232 -0.374"
P 0.289 0.002 0.003" <0.001

“Significant value; 7, correlation coefficient; P, probability value
The correlation between NTX and sBAP with other variables is done by converting the NTX and sBAP into logarithmic
transformation

Table IV. Relationship of bone markers and BMD: Results of linear regression analysis

Premenopausal group (n=160) Postmenopausal group (n=95)

Bone Dependent Beta SE  Pvalue 95%CI R Beta SE  Pvalue 95%CI R?

markers  variables

NTx BMD lumbar  0.734  0.617  0.236 0.475-1.943 0.009 -1.440 0.621 0.02  -2.657-(-0.223) 0.055
spine
BMD femur 0.796  0.657  0.228 0.491-2.083 0.009 -1.733 0.503 0.001 -2.719-(-0.747) 0.113
neck
BMD Ward’s 0.480 0451 0.289 0.404-1.364 0.007 -1.090 0.349 0.002 -1.774-(-0.406) 0.095
triangle

sBAP BMD lumbar ~ 0.405 0.404 0317 0.386-1.196 0.006 -1.201 0.668 0.075 -2.510-0.108  0.034
spine
BMD femur -0.832  0.426  0.052 -1.666-0.003  0.024 -1.650 0.542  0.003 -2.712- 0.091
neck (-0.5876)
BMD Ward’s  -0.863 0.287  0.003 -1.425-(-0.301) 0.054 -1.404 0.362 <0.001 -2.404-(-0.694) 0.140
triangle

NTx, N telopeptide of type 1 collagen; sSBAP, serum bone specific alkaline phosphatase
R?2, Coefficient of determination (% of the variance that the model explained for each variable)
Beta, Regression coefficient (the strength of independent variable associated with the dependent variable)

15 YSM (P =0.000 and P = 0.005, respectively) (Table
V).

On linear regression analysis, serum albumin
showed positive linearrelationship with NTX, in women
within 5, 5 to 15 and >15 YSM ($=3.216; P=0.022;

[=2.467; P=0.031 and f=4.187; P=0.002, respectively).
Serum phosphorus had negative linear relationship
with more than 15 YSM (f = -2.741; P=0.024). BMD
of femur neck showed negative linear relationship with
sBAP in women within 5 and 5-15 YSM (f= -2.373;
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Table V. Mean values of bone markers and bone mineral density according to years since menopause

Bone markers BMD
Years since menopause (YSM)  NTX sBAP Lumbar spine Femur neck Ward’s triangle
Women within 5 YSM (N=36)  7.31 +4.87 14.63 +4.69 1.08 £0.17 0.99 +£0.22 0.91+0.31
With 5-15 YSM (N=46) 10.16 +3.84 13.71+4.72 0.99 +0.23 0.90+0.21 0.78 £0.26
More than 15 YSM (N=13) 28.45+1.99 22.33+3.97 0.77+0.16 0.66 +0.22 0.49+0.22
P value 0.009 0.574 <0.001 <0.001 <0.001

P=0.029 and p= -2.881; P=0.002, respectively). Total
protein and BMI had positive linear relationship with
sBAP in women within 5 YSM (f=1.36; P =0.03 and S
=2.35; P=0.03, respectively). BMD of Ward’s triangle
had negative linear relationship with sSBAP in women
with <5 and 5 to 15 YSM (f=-2.001; P=0.006 and =
-1.978; P=0.001, respectively).

Discussion

The study population was not different from
the general population of Indian women in terms of
nutritional status and dietary habits'?. The mean age at
menarche of the study population was similar to that
reported in others studies'.

The clinical usefulness of bone turnover
biochemical markers in the contemporary management
of postmenopausal osteoporosis remains a controversial
issue. It has been suggested that several of these
markers can be used to target women at increased risk
for osteoporosis and for the development of future
fractures'>!6,

Several prospective studies have shown that
an increased bone resorption evaluated by specific
biochemical markers was associated with increased
risk of the hip, spine and non-vertebral fractures
independently of BMD'*'®, The use of bone markers
in individual may be appropriate in some situations,
especially in women who are not detected at risk by
BMD measurements. Thus, bone markers may be used
in the assessment of fracture risk in selected cases in
which BMD and clinical risk factors are not enough to
take a treatment decision'.

In the present study, the levels of sSBAP reached at
maximum in the age range of 30-39 yr and minimum
at the age range 50-59 yr. The level of NTX reached
maximum in the age range of 60-69 yr and minimum at
the age range 40-49 yr. A cross sectional study reported
increase in bone turnover (sBAP and sCTX) with

increase in age showing minimal level in the 30-39 yr
and maximum in 40-59 yr groups®. In another study,
the levels of bone resorption markers, C-terminal
crosslinking telopeptide of type-I collagen (CTX-I)
and deoxypyridinoline (DPD) increased significantly
across the age showing a negative correlation with
BMD?!.. NTX showed significant negative correlation
with age in premenopausal women and significant
negative correlation in postmenopausal women. No
significant correlation was observed with age and
sBAP.

In premenopausal women, sBAP was found to be
positively correlated with BMD of the lumbar spine as
also shown in a recent study on young women*’. NTX
and sBAP levels in the present study were negatively
correlated with BMD in both femur neck and Ward’s
triangle, as measured by DXA scan in postmenopausal
women. These findings are in accordance with other
studies showing an inverse correlation between sBAP
and BMD'5 and suggest that the assays of markers
could be of clinical utility to better define bone status
and future risk for osteoporosis-related fractures. The
biochemical markers of bone formation and resorption
were reported to be significantly correlated with change
in bone mineral density in a group of postmenopausal
women®. It has also been observed that NTX was
the only marker to correlate significantly with BMD
changes at the femoral neck, but not at the spine®.
Lofman ef a/ observed an inverse correlation between
bone markers serum levels (osteocalcin and sBAP)
and BMD (hip and lumbar spine) in a cross-sectional
and longitudinal study conducted in postmenopausal
women?®, Probably NTX and sBAP measurements in
menopausal women are useful clinically for long-term
prediction of future bone loss.

The NTX showed negative correlation with BMI
in both pre- and post-menopausal women and no
correlation was observed with sBAP and BMI. This
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is in contrast with the study that concluded that BMI
was inversely associated with levels of bone formation
marker, serum carboxyl terminal pro-peptide of type-I
pro-collagen (PICP)?". In the present study, the mean
value of NTX increased significantly with increase
in the duration of YSM. The mean value of BMD
of lumbar spine, femur neck and Ward’s triangle
decreased significantly with increase in the duration
of YSM. There is an exponential relationship between
rate of bone loss and duration of YSM, indicating
higher rate of bone loss with increase in the duration of
menopause.

The study observed a positive correlation of NTX
with serum albumin in both pre- and postmenopausal
women showing that serum albumin may have a role
in bone resorption. It has been shown that in healthy
postmenopausal women the serum albumin level does
not play a significant role in the pathogenesis of bone
density reduction, which is mainly due to the number
of years since menopause and advancing age. The
hypoalbuminemia may be related to the reduction of
bone mass only in the subjects affected by diseases
associated with a significant albumin reduction?.
Indians from low income groups subsist on diets that
have inadequate calcium coupled with too few calories,
proteins and micronutrients. Moreover, absorption of
calcium could be hampered by vitamin D deficiency.
There are reports of high prevalence of suboptimal
dietary calcium intake and 25(OH) D insufficiencies
in Indian populations®. Study observed a significant
relation between serum 25(OH) D concentrations and
hip MBD but not with lumbar spine or forearm MBD
in an urban Delhi cohort™®.

Osteomalacia occurs due to lack of vitamin
D in the body or inability to absorb it, leading to
impaired mineralization of the bones. Several social
and environmental exposures including deficiencies
of calcium and vitamin D are responsible for
impaired mineralization of bone, reflected clinically
as osteomalacia and osteoporosis. The population
belonging to low-income groups subsist on diets with
inadequate calcium coupled with low calories, proteins
and micronutrients. In addition, socio-economic
status, per capita income and education are also
the demographic factors associated with poor bone
mineralization. Nutrition is closely link with education
and socio-economic status'’.

The limitations of this study were its sample size
and the subjects who volunteered themselves, were
recruited among the visitors of hospital which might

have generated a selection bias. A larger population
based study may provide future directions regarding
the present observations and to define the role of these
bone markers and BMD in the long term prediction of
bone loss.

In conclusion, this study showed that bone
resorption significantly affected BMD of lumbar spine,
femur neck and Ward’s triangle with increase in the
duration of menopause. Simultaneous measurements
of NTX and BMD in the north Indian pre- and
postmenopausal women, suggest that bone resorption
in women with low BMD remains high many years
after menopause. NTX measurement can be useful in
providing information about the changes in bone density
and subsequent bone loss in healthy postmenopausal
north Indian women.
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